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This article deals with and compares cell cycle infor-
mation obtained in mouse and in human epidermis in 
vivo. In order to compare data in mouse and in man, 
DNA labeling and mitotic index experiments were per-
formed to obtain cell cycle information in normal human 
epidermis in vivo. Experiments were also performed on 
genetically inbred and outbred strains of mice-to pro-
vide a clue to the differences observed b etween mouse 
and man. The article makes the following points: 
1. In contrast to mouse epidermis, there are no con-
sistent diurnal fluctuations in and there is no cell kinetic 
relationship between mitotic and DNA-labeling indices 
in normal human epidermis in vivo. The variability from 
individual to individual in human subjects and the lack 
of cell cycle-related circadian fluctuations, preclude the 
use of statistical analysis and the use of conventional 
cell kinetic principles in understanding epidermal cell 
proliferation in man and may preclude the use of circa-
dian rhythmicity for therapy scheduling. 
2. The consistent and intelligible cell cycle informa-
tion obtained in laboratory mice (as compared to man) 
is not due to the genetically inbred condition of mice. 
3. This report introduces the use of ambient temper-
ature as a potential nontoxic cell cycle tool for manipu-
lating epidermal cell proliferation in the therapy of hu-
man proliferative skin diseases. 
CELL CYCLE INFORMATION IN MOUSE EPIDERMIS 
. IN VIVO 
Because of the overall difficulties in obtaining complete and 
precise cell kinetic data in vivo-even in laboratory animals, 
most investigators rely on 2, easily obtainable cell cycle param-
eters; labeling index and mitotic index data. Cycling cells can 
be viewed and scored moving through the DNA synthesis (S 
perio-d) and through mitosis (M), and there are reasonable-
predictable cell kinetic relationships between labeling and mi-
totic index data; relationships which conform to the concept of 
the cell cycle (G I -+ S -+ G2 -+ M) ; where G, and G2 are pre-
and post-DNA synthesis periods; S, the period of DNA synthe-
sis; and M, the period of mitosis. 
The data in Table I were taken from studies dealing with the 
cell cycle in mouse epidermis in vivo. The information was 
chosen and organized to make the following points. 
Table I-A shows that there are consistent, statistically sig-
nificant diurnal (circadian) fluctuations in both labeling and in 
mitotic indices in mouse body skin epidermis in vivo-in sam-
ples studied during 2 successive 24 hr periods. A peak of cells in 
S (labeling index) is observed around midnight; this is then 
reflected by a related peak of cells in mitosis (mitotic index) 
' early the next morning (representing a cohort of partially 
synchronized cycling cells having moved through S, G2, and 
M) . The data in Table I-A were obtained from 4 mice at each 
point, and the standard enors fall within statistical compliance. 
Table I-B shows that meaningful, reproducible labeling index 
and mitotic index data can be obtained from samples taken 
from only 2 mice. Although we could not subject the data to 
statistical analysis, it is clear that there is little variability 
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between individual mice and that there were similar diurnal 
and related fluctuations in both labeling and mitotic indices 
(not only in epidermis but also in esophagus epithelium). 
IslIm CELL CYCLE RELATIONSHIPS 
According to cell kinetic principles, the relationship between 
I. (LI) and 1m (MI) should be proportional to the duration of 
the Sand M periods of the cell cycle as defined by the following 
equation: 
(I. ) No. cells in S (T. ) duration of S 
(1m) No. cells in M (TOll) duration of M 
The data in Table I-C were chosen to illustrate that there is 
a reasonable cell kinetic relationship between labeling index 
(I. ) and mitotic index (Im) data in mouse epidermis studied in 
a variety of inbred strains of laboratory mice. The 1./1", ratios 
reported in the literature range from around 2/1 to 10/ 1 with 
an average of around 6/ 1. 
CELL CYCLE INFORMATION IN HUMAN EPIDERMIS 
IN VIVO 
The experiments in Table II were performed on human 
volunteers to compare epidermal cell cycle data in mouse and 
man. Epidermal labeling and mitotic indices were obtained by 
taking biopsy samples after intradermal injection of :)H-thymi-
dine at 9 AM and 3 PM (Experiment I) and at 9 AM and 9 PM 
(Experiment II). These time periods were chosen because of 
reports indicating that mitotic activity in normal human epi-
dermis in vivo is higher in the afternoon than in the morning 
[1,2]. 
Ten adult male students, average age 27 yr, were used. Forty-
five minutes prior to taking biopsy samples (from the inner 
forearm), 3H-thymidine, 5 J..Ic, was injected intradermally in a 
volume of 0.1 ml sterile saline. Injections were performed by 
inserting y~ in. 30 g needle, bevel up, superficially under the 
epidermis and advancing it so that the ru'ea of the bleb produced 
. by the injection was removed from the point of entry of the 
needle. Injections were performed very slowly (over a period of 
60 sec or more) to insure adequate and uniform distribution of 
the 3H-thymidine. The bleb ru-eas were circled with a skin 
marking pen and biopsies were taken 45 min later (to allow for 
cycling germinative epidermal cell pulse label incorporation 
into DNA). Biopsy procedures were carried out with a 4-mm 
punch and 1% Lidocaine as local anesthetic. The specimens 
were fixed overnight in Bouin's and embedded for pru-affin 
sectioning. Tissues were sectioned at 5 J..I. Slides were dipped in 
Kodak NTB-3 emulsion, exposed at 4 cC, developed in Kodak 
D19 developer, and stained with hematoxylin and eosin [3]. 
The numbers of mitoses and labeled germinative epidermal 
cells were determined in each biopsy by scanning 200 mm of 
epidermis. In addition the average number of basal cells per 
mm of epidermis was determined by counting basal cells in 9 
mm of epidermis in fields distributed evenly throughout each 
biopsy. From these counts mitotic and labeling results were 
calculated in 2 ways, fU'stly as an index (No. labeled nuclei or 
No. mitoses/ No. basal cells per 100mm X 100); and since the 
number of mitoses scored are relatively low, mitotic activity 
data (mitoses/100mm epidermis) are also presented to empha-
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size and illustrate some of the main points in Table II. Standard 
errors were calculated and statistical comparisons between 
groupS were performed by means of t-tests. 
In relation to the 3 aspects of cell cycle information in mouse 
TABLE I. Cell cycle informa.tion" in mouse epidermis in Vivo 
A. D iurnal-related fluctuations in labeling and mitotic indices." 
LI % ± SE MI % ± SE 
Noon 3.7 ± 1.0 
Evening 0.45 ± 0.03 
Midnight 6.8 ± 0.6 
Morning 1.52 ± 0.19 
Noon 4.4 ± 0.6 
Evening 0.46 ± 0.14 
Midnight 7.1 ± 0.9 
Morning 1.59 ± 0.17 
Noon 5.2 ± 1.2 
B. Consistent resul ts-2 mice." 
Ll % MI% 
Mouse #1 #2 #1 #2 
Noon 1.0 1.2 0.10 0.18 
Evening 6.0 6.5 0.15 0.19 
Midnight 3.4 3.6 0.18 0.18 
Morning 1.2 1.6 0.80 0.85 
Noon 1.0 1.2 0.10 0.18 
C. Is/ I", ratios mouse epidermis." 
Ll% MI% I,ll", ratios 
Hairless dorsum '? 4.8 2.4 2/ 1 
Hr/hr dorsum 0 4.4 1.6 3/ 1 
Hairless dorsum '? 2.9 0.6 5/ 1 
Hairless dorsum '? 5.0 0.5 10/ 1 
SAS/TO dorsum 0 10.7 1.2 9/ 1 
St/ A lumbar 0 7.0 1.2 6/1 
Swiss ear 0 2.8 0.7 4/1 
Swiss ear 0 5.1 0.7 7/ 1 
" Relevant cell kinetic information. Ll(I,) labeling index: No. labeled 
nuclei/No. basal cells counted, expressed in percent. MI(lon) mitotic 
index: No. mitoses/No. basal cells counted, expressed in percent. t / lon 
Labeled/mitotic cell ratio. 
b Extracted from Clausen et al [12], hairless mouse body skin, four 
mice each point. 
e Replotted from Pilgrim [13], mouse epidermis and esophagus epi-
thelium. 
d Examples from literatUl"e quoted in Potten [14] and in AI-Barwari 
[15]. 
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epidermis (Table I-A, B, C) , the results in human epidermis 
shown in Table II are dramatically and significantly different. 
There are no consistent or related diurnal fluctuations in and 
there is no cell kinetic relationship between labeling index and 
mitotic index data in human epidermis in vivo. Labeling indexes 
in each experiment remain the same at 9 AM, 3 PM, and 9 PM. 
There are however umelated diW"nal fluctuations in mitotic 
activity observed in each of the 10 subjects. But the variability 
and the inconsistent results from individual to individual (sub-
jects 6 and 7, for example) produce standard errors (in groups 
of 5 or 10 individuals) which preclude the use of statistical 
analysis in answering the questions posed in the experiments in 
Table II. Thus, there are no significant differences in mitotic 
activity between 14.8 ± 5.7 and 26.2 ± 14.9 or between 20.8 ± 
16.2 and 35.5 ± 13.1 (also between 26.6 ± 14.9 and 35.5 ± 13.1; 
and therefore, there are no differences in mitotic activity at 9 
AM and 3 PM or at 9 AM and 9 PM (or at 3 PM and 9 PM). Finally, 
the Is/ I." ratios at individual points listed in Table II range from 
16/ 1 to 2538/1; as compared to the rational cell cycle range of 
2/1 to 10/ 1 with an average of 6/1 ratio in mouse epidermis 
(Table I-C). 
The lack of ci.rcadian-diurnal fluctuations and the unconven-
tional cell kinetic results on normal human epidermis in Table 
II have recently been confirmed and extended-in other exper-
iments performed on psoriatic human epidermis in vivo (4). 
Also, such unusual and incongruous Is/1m ratios in human 
epidermis have been reported by others [5] who postulate that 
the disproportionately large numbers of germinative cell labeled 
nuclei (Is) are due to metabolic DNA synthesis-which does 
not lead to mitosis [5] or that the excess number of epidermal 
cells in 8 may die (in the G2 phase) and never appear in mitosis 
(6). In another explanation for the unconventional Is/1m ratios 
obtained in Table II, we introduced the idea of 2 independent 
and umelated cell cycle control points in human epidermal cell 
proliferation; one control point operating in the G 1 period of 
the cell cycle, moving cells from G, -+ 8, and the other operating 
in the Gz period-controlling the movement of cycling cells 
from G2 -+ M . Therefore, mitotic index data in human epidermis 
in vivo would bear no relationship to labeling index data ob-
tained from the same biopsy sample. This would be in contrast 
to cycling germinative epidermal cells in mouse epidermis which 
utilize a single control point in the G, period. 80 that, changes 
in the number of cells moving through 8 (LI) are appropriately 
reflected by subsequent changes in cells moving through G2 -+ 
TABLE II. Cell cycle I:n.formation. in human. epidermis in vivo" (labeling index r" mitotic index l",; r ,/1", ra.tios): No consisten.t diurnal 
fluctuations in and /10 cell kin etic relationship between labeling and mitotic indices 
Experiment I, 9 AM and 3 PM 
Labeling Index % Mitotic Index % (Activi ty) I,ll", 
Subject 
9 AM 3 PM 9 AM 3 PM 9 AM 3 PM 
1 (EC) 8.9 8.4 0.079 (18.1) 0.291 (77.8) 113/ 1 29/ 1 
2 (RM) 5.9 6.5 0.144 0.023 41/ 1 280/ 1 
3 (HR) 5.7 6.9 0.080 0.202 71/ 1 34 / 1 
4 (KJ) 4.6 5.8 0.004 (1.0) 0.025 (6.0) 1169/ 1 235/ 1 
5 (EG) 4.8 4.3 0.022 (5.2) 0.002 (0.5) 220/ 1 2254/ 1 
Average 6.0 ± 0.8 P>0.6 6.4 ± 0.7 0.07 ± 0.03 P> 0.4 0.11 ± 0.06 
(14.8 ± 5.7) (26.6 ± 14.9) 
Experimenlll , 9 AM and 9 PM 
9 AM 9 PM 9 AM 9 I'M 9 AM 9 PM 
6 (MM) 4.4 5.8 0.032 (7.0) 0.378 (80.3) 156/ 1 16/ 1 
7 (DY) 8.7 8.3 0.388 (85.2) 0.070 (14.4) 23/ 1 119/ 1 
8 (GL) 6.6 5.1 0.034 0.195 197/ 1 26/ 1 
9 (GV) 5.8 7.0 0.011 0.01.7 544/ 1 409/ 1 
10 (CB) 5.7 5.1 0.002 (0.4) 0.182 (31.4) 2538/ 1 28/ 1 
Average 6.0 ± 0.7 P > 0.9 6.3 ± 0.6 0.09 ± 0.07 P> 0.4 0.17 ± 0.06 
(20.8 ± 16.2) (35.5 ± 13.1) 
" Information was obtained by taking 4-mm punch biopsy samples, 45 min after intradermal injection of 5 Jlc "H-thymidine, inner foreru·m . 
Biopsy samples were processed for histological and autoradiographic analysis and data were obtained according to procedures described in the 
text. 
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TABLE III. A comparison of cell cycle information and experimental responses in genetically inbred and genetically outbred strains of m.ice: 
The effects of ambient temperature on mitotic activity (G2 -> M) and on DNA synthesis (G I -> S) in mouse ear epidermis in vivo 
Mi totic activity" DNA synthesis" 
(No. mitoses a rrested by colcemid) (No. labe led nuclei in uutornd iographs) 
23°C 35°C 5 hI'" 23°C 35°C 5 hI' 
Inbred strain" 
Outbred strain" 
12.0 ± 0.8 
13.1 ± 1.2 
P < 0.01 
P < 0.01 
26.7 ± 1.2 
33.0 ± 3.2 
61.3 ± 1.6 
68.0 ± 4.3 
P > O.l 
P > 0.9 
60.4 ± 1.7 
68.5 ± 2.8 
" Each figure (±SE) represents the average number of mitoses per cm unit length of epidermis, arrested by colcemid over a 5-hr period in ears 
fro m 20 mice. 
/, Each figure (±SE) represents the average number of labeled interphase nuclei per cm unit length of epidermis in ears from 20 mice; 0R_ 
thymide was injected 1 hr before samples were taken. 
C Cages were moved from 23°C animal room to environmental temperatw'e room. 
d J ackson C57/BL/6J genetically standardized adult male mice. 
,. Charles River CD-1 genetically outbred adul t male albino mice. 
Tissue samples were processed for histological and autoradiographic analysis and data were obtained according to the procedures described in 
the text and in reference 3. 
M (MI)- and therefore, Is/1m data in mouse epidermis conform 
to cell kinetic principles (Table I) ; whereas in man they do not 
(Table II). 
CELL CYCLE EXPERIMENTS IN GENETICALLY 
INBRED AND OUTBRED STRAINS OF MICE 
One can readily attribute the variability in epidermal mitotic 
activity from individual to individual in genetically diverse 
human subjects (Table II) compared with the consistent mouse 
data (Table I) to the fact that mouse data are obtained from 
inbred strains of laboratory mice. In order to obtain some 
information on this point, we performed the experiments shown 
in Table III which compares cell cycle information and also 
experimental responses in genetically inbred and outbred 
strains of mice. The experiments also introduce a potential tool 
for recruitment and synchronizing cells for therapeutic advan-
tage. 
We had previously demonstrated that environmental tem-
perature of 35°C for 5 hr increases mitotic activity in mouse ear 
epidermis in vivo [7]. The questions asked in Table III were: 
(1) Are there differences in mitotic activity and in labeling 
index data in mouse ear epidermis in inbred and outbred 
strains? (2) Are there differences in the responses to the drug 
colcemid (which arrests mitosis in metaphase) in inbred and 
outbred strains? (3) Are there differences in the effects of 
ambient temperature (35°C) on epidermal mitotic activity and 
DNA s ynthesis in inbred and outbred strains of mice? 
Epidermal mitotic activity was determined by injecting col-
cemid (intraperitoneally, conc. 0.1 mg/ O.l rnl saline) and count-
ing the number of metaphase figures (arrested by colcemid over 
a 5 hr period) in cm unit lengths of epidermis in histological 
sections of ear. Autoradiographic labeling was done by intra-
peritoneal injections of 20 (LCi of 3H-thymidine (Schwarz/ 
Mann) spec. act. 1.9 Ci/mM. Histological sections of ear were 
dipped in Kodak NTB 3 liquid emulsion, exposed at 4°C for 20 
days, processed and stained with hematoxylin and eosin. The 
average numbers of mitoses and labeled interphase nuclei and 
standard errors were calculated from five 1 cm counts per 
animal. 
The answers to all 3 questions are unequivocal. There are no 
differences in cell cycle information or in the experimental 
responses in mouse ear epidermis of -genetically inbred and 
genetically outbred strains of mice. Mitotic activity and also 
the rate of cells moving through M (as determined by the 
number of mitoses arrested by colcemid over a 5-hr period) is 
the same. Also, the number of epidermal cells moving through 
the S period (number of labeled nuclei) is the same at normal 
animal room temperature in both inbred and outbred strains. 
And the cell cycle responses to high ambient temperature (35°C 
5 hr) are the same in ear epidermis in both strains of mice, i.e., 
high temperature specifically acts during the G2 period (mitotic 
activity increases from 12.0 to 26.7 and from 13.1 to 33.0) ; but 
it has no effect on the G I --> S transition (there are no differences 
in the number of labeled nuclei at 23° or at 35°C). 
Although these results do not directly answer the question 
regarding epidermal cell cycle differences observed in man and 
mouse (they may have, if there had been variable and different 
results in the outbred strain of mice), the results in Table III 
demonstrate that the consistent and intelligible cell cycle infor-
mation obtained in laboratory mice (as compared to man) is 
not due to the genetically inbred condition of mice. There are 
other obvious environmental living conditions which could ac-
count for the epidermal cell cycle differences in mouse and 
man; and there is also strong evidence discussed in Table II, 
that the cell cycle in man is different from mouse. 
The results in Table III showing that high temperatw-e (35°C 
5 hI') specifically acts during the G2 period of the cell cycle in 
mouse ear epidermal cells requi.re further comment. We have 
unpublished results ' on the effects of high temperatw-e (5 hr at 
35°C) on G 1 --> S; duration of S; .and G2 --> M-cell cycle 
transitions in cycling mouse ear and body skin epidermal cells-
which show no effect on the G 1 --> S transition; an increase in 
the rate of DNA synthesis; and a speeding up of the G2 --> M 
cell cycle traverse. In addition, prolonged high temperature (24 
hr at 35°C) suppresses epidermal cell proliferation both in the 
G 1 --> S and in the G2 --> M cell cycle transition periods. Thus, 
the specific cell cycle effects of mild high ambient temperature 
shown in Table III and the effects alluded to above introduces 
the possibility of manipulating (recruiting, suppressing, syn-
chronizing) cells for therapeutic advantage in proliferative skin 
diseases in man. 
CONCLUSIONS 
1. "Of mice and men," the need for direct cell cycle clinical 
data and in vivo experimentation in man (as opposed to com-
pletely relying on data from laboratory animal models) . It 
would be of interest and of importance to determine whether 
the unconventional human epidermal cell cycle results in the 
present report apply to other human proliferative tissues and 
tumors in vivo. And it would be of interest to investigate the 
idea of 2 independent and unrelated cell cycle control points 
controlling cell proliferation in tissues and tumors in man (as 
compared to one control point in mouse). 
2. Mild high ambient temperature (35 ° to 37°C) as a specific 
cell cycle tool for manipulating human tissue and tumor cells 
in vivo-as opposed to the therapeutic modality and the adju-
vant use of hyperthermia, 42° to 45°C, in the treatment of 
human proliferative diseases [8-11). The results presented and 
referred to in the present report on the specific cell cycle effects 
of mild high ambient temperature on mouse epidermis in vivo 
(releasing and recruiting cells in the G2 period; increasing the 
• Manuscrip t in preparation, S. Gelfant. Ambient temperature as a 
procedure f01" controlling cell proliferation in mouse epidermis in vivo. 
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rate of DNA synthesis; suppressing cycling epidermal cells both 
in th e G, and the Gz periods of the cell cycle) provide a 
promising nontoxic procedure for cell kinetic perturbation-for 
the clinical manipulation and therapy of human skin prolifera-
tive diseases. 
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